Aims: This cross-sectional study assessed the type of major life events occurring in a contemporary sample of teens with type 1 diabetes and the association between event frequency and demographic, diabetes management, and psychosocial characteristics.
as many teens demonstrate declining adherence and deteriorating glycemic control. In addition to the natural, physiological insulin resistance during puberty, 6 typical adolescent emotional lability may affect motivation to perform self-care, particularly when diabetes management is viewed as interfering with peer acceptance or independence from parents. 7, 8 At this developmental stage of increased cognitive demands, chronic illnesses, such as type 1 diabetes, can cause significant stress, as well as be impacted by other major life stressors. 9 Discrete events may act as stressors that could have a negative impact on the teen. For example, teens may be particularly affected by parental divorce, a blended family after parent re-marriage, changing schools, or moving to a new home. 10 In addition, daily stressors such as issues in friendships or romantic relationships, academic stressors, and body-image issues such as weight or acne 10 may further compound the effect of major, stressful life events. Prior research has shown that the occurrence of more negative life events in teens is associated with higher levels of depression and anxiety, lower self-esteem, and behavioral problems such as substance use and self-harm.
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For teens with type 1 diabetes, major life events may not only disrupt daily life but can also have a negative impact on their treatment regimen, self-confidence in their ability to perform diabetes tasks, personal relationships and support for treatment, quality of life, and even blood glucose levels by affecting physiologic stress levels.
Past studies have found that general stress is indirectly related to poorer glycemic control through the reduction of self-care and adherence behaviors. 1, 15 In addition, teens with type 1 diabetes have been found to be at higher risk of depression, anxiety, and disordered eating than their peers without diabetes, further negatively affecting their self-care behaviors and glycemic control. [16] [17] [18] [19] When negative psychological and social effects of stressful life events are coupled with declining adherence to diabetes self-care, teens with type 1 diabetes appear to be at significantly greater risk of worsening glycemic control.
As previous research has shown, the occurrence of major life events or stressors in a teen's life may interfere with attendance to self-care activities. 1, 15, 20 Screening for major life events may assist healthcare providers in identifying potential causes of suboptimal adherence, thus allowing providers to address the specific challenges faced by the teen and family and provide appropriate support and intervention. Screening for commonly occurring life events also affords healthcare providers with the opportunity to identify teens at-risk for negative health outcomes and in need of early intervention to prevent deteriorations in adherence and health outcomes. The current study assessed the frequency and type of parent-reported major life events occurring in a contemporary sample of teens with type 1 diabetes through the use of an abbreviated screening tool. In addition, we sought to evaluate the demographics, diabetes management characteristics, and parentand teen-reported psychosocial characteristics associated with the occurrence of major life events. We hypothesized that the report of greater number of life events would be associated with poorer glycemic control, less treatment adherence, and more negative psychosocial qualities.
2 | METHODS 
| Participants

| Psychosocial characteristics
Teens and parents completed the following collection of previously validated measures. The measures were completed on tablet computers using REDCap, a secure, web-based application designed to support data capture for research studies. 21 Total scores for all measures were transformed to a 0 to 100 scale for ease of interpretation and comparison.
Treatment adherence
The Diabetes Management Questionnaire (DMQ) 22 was used to measure treatment adherence in the previous month, as reported by both teen and parent. The scale contains 20 items on a 5-point Likert response scale ("Almost Never" to "Almost Always") to assess perceptions of how often the teen and parent adhered to treatment recommendations for exercise, mealtimes, treatment of low and high blood glucose levels, blood glucose monitoring, and insulin administration.
Higher scores indicate greater adherence to prescribed treatment regimens.
Diabetes-specific self-efficacy
The Diabetes Management Self-Efficacy Survey (DMSE) 23 was used to measure teen self-efficacy through teen report and parent proxyreport. Teens and parents rated their confidence in the teen's ability to perform 16 listed self-care tasks on a 5-point Likert response scale ("Disagree a Lot" to "Agree a Lot"). Higher scores indicate more confidence in the teen's ability to perform diabetes self-care tasks.
General quality of life
The Pediatric Quality of Life Inventory 4.0-Generic Core Scales (PedsQL) 24 was used to measure overall quality of life based on report of problems with physical functioning and psychosocial (social, emotional, and school) functioning by both teen report and parent proxy-report. The measure consists of 23 items on a 5-point Likert scale ("Never a Problem" to "Almost Always a Problem"), with higher scores indicating better quality of life.
Diabetes-specific family conflict
The Diabetes Family Conflict Scale (DFCS) 25 was used to measure the frequency of conflict within the family surrounding diabetes care
by both teen and parent report. The measure consists of 19 items rated on a 3-point Likert scale ("Almost Never" to "Almost Always"), with higher scores indicating more conflict.
Major life events
An updated version of the Life Events Checklist (LEC) 26 "Death of a family member") and subjective (eg, "Getting a bad report card") events.
| Statistical analyses
We divided participants into 3 groups based on the total number of life events endorsed: 0 to 1, 2 to 3, and 4 or more life events, as the data were not normally distributed and thus better suited to categories. We compared demographic, diabetes management, and psychosocial characteristics among the 3 life events groups using ANOVA and chi-square analyses. We used a multivariate regression model to assess the relationship between major life events and A1c while controlling for several demographic and diabetes management variables. Significance was defined as a P-value <.05. Statistical analyses were performed using SAS (version 9.4; SAS Institute, Inc., Cary, North Carolina).
| RESULTS
Demographic and diabetes management characteristics for the entire sample appear in Table 1 ; psychosocial characteristics appear in Table 3 . According to parents, the most frequently endorsed event was "Hospitalization of a family member" (24%). The other most commonly reported events were: "Getting a bad report card" (20%), "Serious arguments between his or her parents" (19%),
"Serious illness/injury in a family member" (19%), "Going to a new school" (17%), "Serious arguments with his or her family members" (16%), "Death of a family member" (16%), "Financial problems in the family" (16%), and "Failing a grade" (14%). The number of endorsed life events in the last year ranged from 0 to 15 events, with a mean of 2.6 events and median of 2 life events ( Figure 1 ). The most frequently reported number of life events was 0 life events (n = 38).
Next, we stratified the sample into 3 groups according to number of life events reported in order to better facilitate comparison. The percentage of participants in each of the 3 life events groups was: 0 to 1 events: 42% (n = 75), 2 to 3 events: 32% (n = 57), and 4+ events: 26% (n = 46). We then compared the groups across 3 distinct factors: demographic characteristics, diabetes management characteristics, and psychosocial characteristics. Demographic and diabetes management characteristics for the 3 life events groups appear in Table 4 . Regarding demographic characteristics, there were no differences among groups based on age, diabetes duration, sex, or race/ ethnicity. However, there was a significant difference among groups based on parent marital status and parent education: more life events In a multivariate model (model: R 2 = 0.21, P < .0001) controlling for age, diabetes duration, insulin regimen, blood glucose monitoring frequency, parent education, and parent marital status, fewer life events remained significantly associated with lower A1c (0-1 vs 2-3 events, P = .06; 0-1 vs 4+ events, P = .0002; 2-3 vs 4+ events, P = .04);
higher parent education (P = .03) and more frequent blood glucose monitoring (P = .007) were also associated with lower A1c.
Finally, the 3 life events groups were compared on multiple psychosocial domains measured by teen and parent or parent-proxy reports: treatment adherence, diabetes management self-efficacy, quality of life, and diabetes-specific family conflict (Figure 2A , , Figure   2B ). There were similar trends for both teen-and parent-reported scores. Teens whose parents endorsed 4+ life events reported significantly lower treatment adherence (P = .001), self-efficacy (P = .02), and quality of life (P < .0001), as well as higher family conflict (P = .01) compared with teens whose parents endorsed 0-1 life event ( Figure 2A ). In addition, teens whose parents endorsed 2-3 life events reported significantly lower quality of life (P = .03) and higher family conflict (P = .03) than teens whose parents endorsed 0-1 life event.
Similarly, parents endorsing 4+ life events reported significantly lower treatment adherence (P = .02), teen self-efficacy (P < .0001), and teen quality of life (P < .0001), as well as higher family conflict (P = .02) compared with parents who endorsed 0-1 life event ( Figure 2B ). Parents who endorsed 4+ life events also reported significantly lower self-efficacy in their teen than parents who endorsed 2-3 life events (P = .04). In addition, parents who endorsed 2-3 life events reported significantly lower teen self-efficacy (P = .02) and teen quality of life (P = .001) than parents who endorsed 0-1 life event. Of note, statistical analyses using life events as a continuous variable showed parallel results in that greater life events was associated with significantly poorer glycemic control and adherence, as well as more negative psychosocial outcomes.
| DISCUSSION
The current study highlights an opportunity for clinical care teams to improve health outcomes in teens with type 1 diabetes through regular screenings for stressful life events. These screenings allow providers to identify teens at risk for adverse biomedical outcomes and psychosocial qualities and provide appropriate support and intervention. Our results showed that report of greater numbers of stressful life events was significantly associated with parent-specific demographics, teen diabetes management characteristics, and both teen-and parent-reported psychosocial factors. These data contribute to the existing literature on the association between stressful life events and diabetes care. or parents shouldering financial strains on the family) that may affect the degree to which these events impact teens' lives. Notably, the item "Going to a new school" may insinuate a disruptive or negative event when, in fact, transition to a new school is an age-appropriate transition for teens entering high school.
Some limitations for the current study should be noted. The sample was primarily non-Hispanic White, potentially limiting generalizability. The methodology used was cross-sectional, thus causality cannot be determined. In addition, data regarding the perceived impact of life events would have provided a more detailed perspective on the assessed relationships. Although there is always a potential for response bias with self-report measures, we anticipate that completion of teen and parent surveys on tablet computers would provide a greater sense of anonymity regarding one's responses and therefore would help to decrease the potential for response bias due to social desirability. Finally, life events data were collected through parent report only; perspectives of the teen should be assessed in the future.
In the current study, major life events were associated with biomedical and psychosocial characteristics. By identifying teens experiencing major stressors, and teaching them psychological techniques to lessen the negative impact on their lives, we may be able to improve diabetes control and emotional well-being. The teens in our sample may differ from teens with type 1 diabetes in the general population with regard to specific demographic and diabetes management characteristics. However, we expect that the patterns associated with more life events in our sample would be generalizable to the broader population of teens with type 1 diabetes; these patterns include poorer diabetes management and glycemic control, as well as more negative perceptions of diabetes-specific self-efficacy, general quality of life, and diabetes-specific family conflict.
Future directions include the development of an updated screening measure that includes stressful life events relevant to the current era (eg, cyber bullying). Screenings should assess the perceived impact of the event on both teens and parents, taking care to differentiate between teen-influenced events (eg, grades), and random events (eg, illness or injury). The impact of various life events should also be assessed longitudinally to assess their long-term impact on glycemic control and psychosocial qualities.
These findings underscore the existing literature describing the effects of stressful life events on diabetes care, and highlight a potential tool for improving glycemic control and reducing negative psychosocial qualities in teens. Regular screening for major life events among teens, a group at risk for suboptimal diabetes control and more negative psychosocial qualities, may provide a means to easily identify those at high risk. As the screening would only assess the occurrence of major life events, such screenings for major life events do not require access to a trained mental health professional for administra- Such timely intervention may help to reduce the impact of these life stressors on teens and their parents by teaching them the necessary coping skills to manage these major life events without negatively affecting their mental health, relationships, or diabetes care.
